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ta旭	drivers	 ｪesgsp	 foodｫs	Our	a旭gorithm	gives	an	efficient	method	 for	 turning	a	 旭ongp	
high､reso旭ution	movement	path	into	a	schematic	representation	of	broadsca旭e	deci､
sionsp	a旭旭owing	a	direct	旭ink	to	existing	point､to､point	ana旭ysis	techniques	such	as	op､
tima旭	 foraging	 theorys	 It	 is	 encoded	 into	 an	R	 package	 ca旭旭ed	SitesInterestp	 so	
shou旭d	 serve	 as	 a	 va旭uab旭e	 too旭	 for	making	 sense	 of	 these	 increasing旭y	 旭arge	 data	
streamss
K E Y W O R D S
anima旭	movementp	bio旭oggingp	high､reso旭ution	datap	movement	eco旭ogyp	site	fide旭ity





high､reso旭ution	bio旭ogging	data	 ｪ┕ゲ	Hz	 reso旭utionｫ	 give	 insight	 into	









et	 a旭s	 ｪゴググ芦ｫｫs	 For	 examp旭ep	 state､space	mode旭ing	 sp旭its	 paths	 into	
predefined	 behaviora旭	 stages	 of	 movementp	 such	 as	 exp旭oratory｠
encamped	ｪMora旭esp	Haydonp	Frairp	Ho旭singerp	ｹ	Fryxe旭旭p	ゴググジｫp	for､
aging｠migrating	 ｪJonsenp	 F旭emmingp	 ｹ	Myersp	 ゴググズｫp	 or	 transient｠
resident	ｪPattersonp	Thomasp	Wi旭coxp	Ovaskainenp	ｹ	Matthiopou旭osp	
ゴググ芦ｫs	 Behaviora旭	 changepoint	 ana旭ysis	 segments	 a	 path	 into	 sec､











nity	 to	make	better	 inference	of	 such	behaviora旭	modess	Howeverp	





























We	 app旭y	 our	 a旭gorithm	 to	 both	 simu旭ated	 datap	 where	 the	
sites	of	interest	are	knownp	and	dead､reckoned	ゲ	Hz	tracks	of	cat､
t旭e	movement	in	the	A旭ps	ｪBidder	et	a旭sp	ゴグゲズｫs	For	the	旭atter	data	








and	 a旭so	 on	 CRAN ｪhttpsr｠｠cransr､projectsorg｠web｠packages｠








In	 particu旭arp	 our	 method	 is	 designed	 to	 be	 used	 on	 旭arge	 sets	 ｪof	
order 105	pointsｫ	of	┕ゲ	Hz	reso旭ution	datas	Like	previous	approaches	
ｪBarraquand	 ｹ	 Benhamoup	 ゴググ芦q	 Benhamou	 ｹ	 Riotte､Lambertp	
ゴグゲゴｫp	our	method	invo旭ves	s旭iding	a	disk	of	radius	R	a旭ong	the	anima旭vs	
pathp	旭ooking	for	disks	where	the	anima旭	spends	a	disproportionate旭y	
































which	 the	path	 is	measuredp	we	 rarefy	 the	 set	of	disks	 further	by	
removing	any	disk	that	over旭aps	with	another	disk	of	higher	usage	
time	 ｪSupporting	 information	Appendix	 Sゲp	 Figure	ゲbｫs	 The	 sa旭ient	
information	from	the	resu旭ting	co旭旭ection	of	nonover旭apping	disks	is	











The	 resu旭ting	 set	 of	 identified	 sites	 depends	 very	 much	 on	 the	
choice	 of	Rp	 the	 disk	 radiuss	As	 suchp	we	need	 criteria	 to	 determine	
which	va旭ue	of	R	is	wbestx	for	accurate	identification	of	sitess	In	practicep	
we	 found	 that	no	 sing旭e	 criterion	works	perfect旭y	 in	every	 situations	
Insteadp	we	give	a	technique	for	determining	a	va旭ue	of	Rp	together	with	
a	 traffic､旭ight	 co旭or	 ｪRedp	 Amberp	Greenｫ	 denoting	 the	 旭eve旭	 of	 confi､
dence	we	have	in	our	a旭gorithm	having	found	the	actua旭	sites	of	interest	
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for	the	anima旭p	where	Green	is	highp	Amber	is	intermediatep	and	Red	is	
旭ows	We	then	suggest	 that	 the	user	supp旭ements	 this	with	bio旭ogica旭	
intuitionp	especia旭旭y	in	the	Red	and	Amber	casesp	to	check	that	the	a旭go､
rithm	has	returned	a	reasonab旭e	estimate	of	the	actua旭	sites	of	interests
The	 starting	 point	 for	 finding	R	 is	 to	 ca旭cu旭ate	 the	MPD	 for	 a	









va旭ue	 or	 as	 TMPD	┎	minｪMPDｫ	┊	kｪmaxｪMPDｫ	･	minｪMPDｫｫp	 where	
k	 is	 a	 constantp	 referred	 to	 as	 the	 adaptive threshold	 va旭ues	 Herep	
minｪMPDｫ	and	maxｪMPDｫ	arep	respective旭yp	the	minimum	and	maxi､
mum	MPDs	for	a旭旭	va旭ues	of	R	tested	ｪsee	esgsp	Figure	ゲdｫs	Brownian	
motion	 simu旭ations	 can	 be	 used	 to	 derive	 a	 旭ower	 bound	 for	 the	
thresho旭d	va旭ue	ｪSupporting	information	Appendix	Sゲｫs
The	 second	 is	 a	 stabi旭ity	 criterionp	 meaning	 that	 if	 the	 radius	 is	













To	 test	 the	 efficacy	of	 our	 a旭gorithmp	we	 constructed	 a	 co旭旭ection	
of	simu旭ated	paths	using	a	switching	Ornstein､Uh旭enbeck	ｪOUｫ	pro､
cess	ｪB旭ackwe旭旭p	ゲゾゾゼq	Tay旭or	ｹ	Kar旭inp	ゴグゲジｫs	At	any	point	in	timep	an	
F I G U R E  ゴ 科A	f旭owchart	describing	how	
the	a旭gorithm	is	imp旭emented
The user inputs data.
The user is asked
for a range of values
for the radius.
A graph of the num-






percent drops is found.
The first local
maximum, which is
also stable is found.





A colour is as-
signed to the path.
Red is assigned if
the number of sites
are not the same.
Amber is assigned if
the number of sites
are the same, but
the radii are not.
Green is assigned
if the number of
sites and radii
are the same.
The user uses intu-




of values for the
radius or applies the
algorithm on segments
of the trajectory.





produced (see Figure 5).
Optional
User is not satisfied
User is satisfied
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object	fo旭旭owing	a	switching	OU	process	has	a	center	of	attraction	
toward	which	it	is	movings	Howeverp	there	is	a旭so	a	certain	amount	


























French	A旭ps	 in	 the	 Bauges	Mountains	 ｪMassif	 des	 Baugesp	 ジズs葦ゲﾀNp	
葦sゲゾﾀEｫs	 The	 catt旭e	 were	 tagged	 with	 Dai旭y	 Diary	 tags	 ｪwith	 triaxia旭	
acce旭erometers	 and	magnetometersq	Wi旭dbytes	 Techno旭ogies	 httpr｠｠
wwwswi旭dbyte､techno旭ogiesscom	 and	 Gipsy､ズ	 tagsq	 TechnoSmArt	
Tracking	Systems	httpr｠｠wwwstechnosmartseuｫp	p旭aced	inside	custom､
bui旭t	 ザD	 printed	 ABS	 p旭astic	 housings	 and	 attached	 to	 commercia旭	
ny旭on	cow	co旭旭ars	ｪFearing	Lifesty旭esp	Durhamp	UKｫs	The	acce旭erometer	
















Our	 a旭gorithm	correct旭y	 identified	 sites	of	 interest	 for	ゼゴ鯵	of	our	
ゲゲグ	simu旭ated	paths	ｪFigure	ザaｫs	葦ゾsゲ鯵	of	these	paths	were	both	cor､





Of	 those	 assigned	Amberp	 on旭y	 two	 ｪゲs芦鯵ｫ	were	 fa旭se旭y	 identi､
fieds	For	some	of	the	simu旭ations	assigned	to	the	Red	categoryp	using	
either	the	thresho旭d	criterion	or	the	stabi旭ity	criterion	returned	the	
correct	 answer	 ｪsee	 Supporting	 information	 Tab旭es	 Sゲグ･Sゲザｫs	 The	
resu旭ts	presented	used	a	fixed	thresho旭d	va旭ue	of	TMPD	┎	葦ズ鯵	as	this	
minimized	the	number	of	incorrect	Green	pathss
ザsゴ科|科Resu旭ts from Catt旭e data
Figure	 ザb	 summarizes	 the	 resu旭ts	 of	 running	 our	 a旭gorithm	 over	
each	of	the	seven	catt旭e	trajectories	independent旭y	ｪsee	Supporting	
information	Tab旭e	Sゲジ	for	the	fu旭旭	resu旭tsｫs	These	resu旭ts	came	from	
using	 a	 fixed	 thresho旭d	 va旭ue	 of	 TMPD	┎	ズグ鯵p	 which	was	 chosen	
so	 as	 to	minimize	 the	 number	 of	 paths	 assigned	 to	 the	 red	 cat､
egory	and	was	a旭so	greater	than	the	旭ower	bound	found	from	the	
Brownian	 motion	 simu旭ations	 ｪSupporting	 information	 Appendix	
Sゲｫs	 The	 running	 time	 for	 each	 trajectory	 ｪof	 ザグ･ジグpグググ	 pointsｫ	
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was	旭ess	than	a	minute	ｪSupporting	information	Tab旭e	Sゲｫp	whereas	
for	a旭旭	seven	together	ｪゴジゼpグググ	data	pointsｫp	it	took	just	over	ジ	min	






















If	 we	 use	R	┎	ゲググp	 a	 coarser､grained	 va旭uep	 we	 found	 six	 sites	
which	again	covered	the	majority	of	the	pathp	so	was	not	a	very	in､






F I G U R E  ジ 科 Identification	of	sites	for	seven	paths	of	catt旭e	movements	obtained	using	a	radius	of	R ┎	ゴグ	in	Pane旭s	ｪapbｫ	and	R	┎	ゲググ	in	
Pane旭s	ｪcpdｫs	Sites	of	interest	were	identified	from	the	bar	chartsp	by	sight	for	R	┎	ゴグ	and	R	┎	ゲググs	The	bars	are	旭abe旭ed	a旭phabetica旭旭yp	with	A	
being	the	circ旭e	with	the	greatest	usage	timep	a旭旭	of	which	correspond	to	the	maroon	circ旭es	in	the	right	hand	p旭ots
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A旭though	 the	R	┎	ゲググ	 case	 is	 in	 some	ways	better	 than	R	┎	ゴグ	
since	it	recognizes	the	watering	ho旭e	as	a	sing旭e	site	rather	than	twop	




As	we旭旭	 as	 identifying	 sites	 of	 interestp	 our	 resu旭ts	 enab旭e	 sim､
p旭ification	 of	 a	 comp旭ex	movement	 path	 into	 a	 schematic	 diagram	







which	 cou旭d	 be	 answered	 by	 using	 existing	 point､to､point	 tech､
niques	 such	 as	 optima旭	 foraging	 theory	 or	 step	 se旭ection	 ana旭ysiss	
This	 is	 simi旭ar	 in	 f旭avor	 to	 the	 semantic trajectories	defined	by	Yanp	
Chakrabortyp	Parentp	Spaccapietrap	and	Aberer	ｪゴグゲザｫs
Note	that	we	can	define	the	process	of	choosing	patches	such	













This	 paper	 introduces	 an	 efficient	 a旭gorithm	 for	 decomposing	 a	
旭ongp	high､reso旭ution	data	stream	of	anima旭	 旭ocations	 into	a	simp旭e	



















Un旭ike	 mode旭､based	 approachesp	 our	 a旭gorithm	 makes	 no	 as､
sumptions	 about	 why	 sites	 may	 be	 of	 particu旭ar	 interestp	 just	











As	 we旭旭	 as	 app旭icabi旭ity	 to	 higher､reso旭ution	 datap	 our	 a旭go､
rithm	has	 some	 qua旭itative	 differences	 to	 that	 of	 Benhamou	 and	




Riotte､Lambert	 ｪゴグゲゴｫ	 seek	 to	describe	 space	use	patterns	more	
genera旭旭ys	 As	 suchp	 their	 work	 focuses	 on	 constructing	 various	
wheat	mapsx	 representing	 different	 aspects	 of	 space	 usep	 name旭y	

















era旭	waysp	 specifica旭旭y	 addressing	 the	concerns	of	Barraquand	and	
Benhamou	 ｪゴググ芦ｫs	 In	princip旭ep	 these	 techniques	 cou旭d	be	used	 in	
combination	with	 our	 usage､time	 a旭gorithm	 if	 the	 user	 is	 particu､
旭ar旭y	concerned	in	identifying	sizes	of	the	sites	of	interests	Howeverp	














improvement	 has	 been	 the	 addition	of	 the	 quantification	of	 uncer､








Once	 sites	 of	 interest	 have	 been	 identifiedp	 together	with	 the	
transition	points	between	them	ｪFigure	ズｫp	a	wea旭th	of	opportunity	
opens	 up	 for	 answering	 questions	 concerning	 routine	 movement	
behavior	ｪIronside	et	a旭sp	ゴグゲゼq	Peronp	F旭emingp	Pau旭ap	ｹ	Ca旭abresep	















gorithm	 turns	 旭ongp	 comp旭icated	 streams	of	data	 into	 simp旭e	 sche､
matic	decisions	of	broadsca旭e	behaviora旭	decisionss	This	 technique	
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